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Background
Diarrheal diseases continue to be a major threat to child health in developing countries around the world. The latest estimates published by the World Health Organization indicate that diarrheal disease is responsible for approximately 800,000 deaths of children under the age of five per year, causing a higher number of under-age-5 deaths than malaria and HIV combined 1 (WHO, 2007) .
One of the key factors contributing to the frequency and burden of diarrheal disease is the pronounced lack of water and sanitation in a majority of developing countries . According to the United Nations report, more than half of the population in developing countries still lacks access to the most basic form of sanitation (United Nations 2007) .
2 Somewhat more progress has been made in the water sector, but 21% of the population in developing countries still does not have access to adequate drinking water (UNDP, 2007 (UNDP, /2008 ). The situation is most severe for Sub-Saharan African countries, where 63% of the population lacks access to basic sanitation and 45% of the population lacks safe drinking water supply (UNDP, 2007 (UNDP, /2008 .
From a public health perspective, the lack of access to water and sanitation infrastructure is disconcerting. Several studies have documented the significant positive effect of water and sanitation on reducing child diarrhea (for an overview see Esrey et al., 1991; Fewtrell et al., 2005; and Waddington et al., 2009) . Moreover, improved water and sanitation has been shown to lower the health risks related to schistosomiasis, trachoma, intestinal helminthes and other water related diseases. In addition, improved water and sanitation is likely to reduce the burden of disease related to other major health issues by reducing the average stress level for the immune system, and thus strengthening the immune response to new infections. This phenomenon has been labeled the Mills-Reincke Multiplier in honor of Hiram Mills and J.J. Reincke, who first noted the health benefits of water-borne disease improvements on other disease-specific mortality rates (Cutler and Miller, 2005; Ewbank and Preston, 1990) . Given the large potential 1 According to the WHO, Malaria and HIV AIDS caused 584,000 and 184,000 deaths under age 5 in 2002, respectively; the total under-age-5 death burden associated with diarrheal diseases was 841,000. 2 If flush toilets were considered the sanitation standard to be met, the number of people lacking proper sanitation today would even total 4 billion (Black and Fawcett, 2007) .
3/36 direct as well as indirect health benefits of water and sanitation infrastructure, it does not come as a surprise that improvements in water and sanitation have been nominated as one of the official targets of the Millennium Development Goals (MDGs). MDG 7 demands that "…by 2015, the proportion of the population without sustainable access to safe drinking water and basic sanitation" shall be reduced by half (MDG7, UNDP, 2007 UNDP, /2008 .
From an economic perspective it is easy to see why countries cannot solely rely on market-based solutions for an optimal level of investments in water and sanitation infrastructure.
First, with high initial cost and health benefits in the future, individuals with limited access to credit and/or hyperbolic discounting rates will generally under-invest in precautionary health care measures. Second, with disposal of human feces in public areas as a natural alternative to sanitation facilities, social benefits of proper sanitation infrastructure are likely to substantially exceed private benefits. From a welfare perspective, these positive externalities imply that in the absence of government intervention private investment will be sub-optimal. This problem is further aggravated by the fact that health benefits of improved water and sanitation -involving invisible bacteria and parasites -are hard to understand and internalize, especially for populations with little or no formal education.
However, with limited public resources available to most developing countries, the optimal level of public investment in water and sanitation is not obvious, and critically hinges on a comprehensive analysis of the associated health benefits as well as of more broad welfare measures. The same is true for the international financial contributions towards the water and sanitation sectors. Of the US$ 90 billion development aid spent in 2006, only about US $3.9 billion (4.3%) percent were invested in the improvement of water supply and sanitation (OECD).
A normative judgment on whether the current international support for Millennium Development Goal 7 is adequate or not certainly also depends on the magnitude of the identifiable health benefits.
Despite the large number of observational and intervention studies on improved water and sanitation supply, a comprehensive empirical evidence base on their private and public health impact is still lacking. A major part of the existing (mainly epidemiological) literature on 4/36 water and sanitation infrastructure has focused on child diarrhea as an outcome variable for a variety of reasons: first, lower diarrhea prevalence is the most direct presumed effect of improved water and sanitation infrastructure. Second, epidemiological intervention studies in the field are expensive, which limits feasible sample sizes and, as a result, also the statistical power to detect changes in lower frequency events such as short-term mortality. This fact is unfortunate from a policy perspective since reducing diarrhea, unlike combating HIV, malaria and tuberculosis, has not been made an explicit target of the MDGs, and is therefore generally not as high on policy priority lists. The international community is instead highly committed to reducing child mortality (Millennium Development Goal 4). While diarrheal studies provide important information about the immediate health effects of water and sanitation, the link from water and sanitation to child mortality is indirect and cannot directly be derived from estimates on child diarrhea. Our results imply a significant and positive association between access to water and sanitation technologies and child health. Our point estimates imply, depending on the technology level and the sub-region chosen, that water and sanitation infrastructure lowers the odds of children under-5 to suffering from diarrhea by 7-17%, and reduces the mortality risk for these children by about 5-20%. The highest health benefits are found for modern sanitation technologies, the lowest and least robust for simple water technologies. Consistent with the Mills-Reincke Multiplier, we find water and sanitation mortality effects that cannot fully be explained by reductions in diarrhea; we also find strong evidence for positive spillovers of investments in sanitation technologies.
The paper is structured as follows: a short literature review is given in Section 2. We discuss the data used in Section 3 of the paper, and present our estimation results in Section 4.
We conclude with a short summary in Section 5.
Literature Review
Three meta-studies have to date summarized the empirical evidence on the health impacts of improved water and sanitation. Esrey et al. (1991 ) review 144, Fewtrell et al. (2005 46, and Waddington et al. (2009) 71 studies. All studies compare the benefits of water infrastructure, sanitation infrastructure, water quality treatment and hygiene education using diarrhea as the main indicator of health improvements.
Most of the reviewed articles in the three meta-studies focus on water quality treatment or hygiene education. In contrast, the literature on water and especially sanitation infrastructure is scarce, even though there are some studies that analyze the combined effect. Fewtrell et al. (2005) find only two studies that adequately identify the effects of sanitation infrastructure on
child diarrhea. Both papers analyze the impact of a combination of latrine installation and hygiene education and/or improved water supply. The single effect of latrine infrastructure on diarrhea is, hence, not identified in either of these studies. Esrey et al. (1991) Waddington et al. (2009) report no significant impact on diarrhea morbidity for water supply and a 37 % relative reduction in diarrhea incidence for sanitation infrastructure (but with low precision due to the small number of relevant studies). All 3 meta-studies suggest that the impact of sanitation infrastructure is larger than the health impact of improved water supply. In addition, none of the three studies finds any evidence for complementarities between water and sanitation interventions: the impact of single interventions appears to be similar to the impact of the same interventions in combined programs.
The studies underlying these three meta-studies were mostly based on local case studies and conducted under trial conditions. The only study we could find that directly takes a broader cross-country perspective is an early study by Esrey (1996) , who uses eight Demographic and Health Surveys 3 to identify the effects of sanitation on diarrhea. The study finds a reduction of diarrhea of 13-44% for flush toilets and a reduction of diarrhea of 8.5% for latrines. In contrast to the meta-studies discussed above, Esrey (1996) finds complementarities between water and sanitation. He shows that improved water supply has no effect on health if improved sanitation is not present and even if sanitation is present the health benefits of water are reported to be lower than the health benefits of improved sanitation. Esrey's article -undoubtedly one of the most cited works in the filed -is, however, constrained by a rather arbitrary (small) selection of DHS surveys (8 out of the 63 surveys that were already available in 1995).
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In a recent paper, Even less of the literature aims for a comprehensive assessment of water and sanitation infrastructure based on a broader set of health (for example child mortality) and/or welfare (for example income) measures. The only papers attempting a comprehensive cost-benefit analysis were commissioned by the World Health Organization and undertaken by the same authors (e.g. Hutton and Haller, 2004; Hutton, Haller, and Bartram, 2007) . Hutton et al. (2007) estimate a lower bound of US$ 5 for each US$ 1 investments in water and sanitation infrastructure. These estimates are, however, based on the assumption that investments in water and sanitation lead to high time savings that can then be used for economic activity (with scarce empirical evidence for water and missing empirical evidence for sanitation infrastructure).
In contrast to the current developing country evidence, the important historical contribution of water and sanitation infrastructure to the secular decline in mortality in Europe and the Americas at the turn of the 19 th century appears well documented (e.g. Duffy, 2006; Deaton, 2006; Aiello, Larson, and Sedlak, 2008) . Woods, Watterson and Woodward (1988) and Szreter (1988) discuss the critical role of water and sanitation in the historical decline in infant mortality in the late 19th century in England and Wales. Brown (1989) analyzes the surge in sanitation investments in Germany as a response to the devastating cholera epidemic of the 19 th century. Cutler and Miller (2005) argue that water and sanitation improvements account for 50% of total, and 75% of child mortality reductions experienced in major US cities throughout the 20th century. Watson (2006) argues that sanitation investment in native Indian reservations was the key driver for the convergence in child health between native Indian and the surrounding populations in the US.
Although some authors have started to draw a parallel between industrialized nations in the 19 th century and developing countries in the 21 st century (Konteh, 2009) , the problem with most of the historical retrospective studies is that causal identification is hard, as a multitude of 8/36 public health innovations were introduced over the relevant time periods, and detailed historical data is scarce.
Data
This paper is built around data from the Demographic and Health Surveys (DHS).
Starting in the early 1980s, more than 200 surveys have been conducted in over 70 countries. In this study, we use all standard format surveys that are publicly available and have complete information regarding diarrhea, child mortality, and access to sanitation and water infrastructure.
This leaves us with a total of 172 surveys in 70 countries as summarized in Table A .1 in the Appendix.
Figure 1: Child diarrhea
In line with most of the existing literature, the first dependent variable we use in our analysis is child diarrhea. Most DHS surveys ask female respondents whether any of their children under the age of 5 had diarrhea over the two weeks preceding the interview. As Figure 1 illustrates, the likelihood of a child being reported with diarrhea rapidly increases with age early on, and peaks at 11 -15 months of age in both rural and urban areas. As Figure 1 also illustrates, The second variable of interest we analyze in this paper is child mortality. We restrict the mortality data to the five-year time window prior to the interview because we aim to link child mortality to water and sanitation infrastructure observed at the time of the interview. Given the censored nature of our data, we hence estimate the determinants of under-5 mortality using a survival model.
We do not include children who were born more than 5 years before the respective DHS survey. Including older children would have the advantage of (i) increasing statistical power and
(ii) reducing the problem of right censoring. The main shortcoming of extending the time period under consideration is, however, that the link between the information on current household characteristics and child mortality becomes weaker. Even within a five year period, water and sanitation infrastructure is likely to change for a fraction of households, which would be an argument for restricting the analysis to an even shorter time period (e.g. 12 months prior to the survey interviews). However, this would yield a very small number of child deaths and would therefore make the empirical identification of the relevant effects difficult. The five year horizon chosen in this paper was deemed long enough to achieve sensible mortality estimates, while still being short enough to avoid major shifts in water and sanitation infrastructure at the household level.
As Figure 2 shows, child death under age 5 is mostly concentrated in the first 12 months of children's life. The cumulative survival functions fall sharply between birth and the age of 12 months and then flatten out, with relatively few deaths occurring between the 3 rd and the 5 th year of children's life. Similar to the plotted diarrhea rates in Figure 1 , and as expected, large differences in levels can be found between Sub-Saharan Africa and other regions of the world as well as between urban and rural households.
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Figure 2: Child Survival
The main explanatory variables of interest are the use of water and sanitation infrastructure. The classification of sanitation varies substantially across time and countries in the DHS surveys: some surveys focus on the distinction between private and public facilities, while others focus on the location (in or outside the house) or the exact type of the facility (e.g., ventilated vs. non-ventilated latrines). In total we found over 400 different sanitation codes in the DHS surveys. Water categories were even more heterogeneous, with over 500 different codes across all DHS surveys. 4 Similar to sanitation infrastructure some DHS surveys contain very detailed information, distinguishing between multiple technologies and between private versus public water access, whereas several surveys only report very broad categories of unimproved versus improved water sources, with no indication whether the water point is private or shared.
To abstract from these classification differences across countries and time we divide water and sanitation in three different groups following some relatively simple coding rule as illustrated in column 2 of Table 1 . In our initial approach we divide water and sanitation in "technology classes". We define all latrines as "basic" sanitation technology, and flush toilets as "advanced" sanitation technology. With respect to water, we regard boreholes and any kind of protected and unprotected wells and springs as "basic" water technology, while we classify piped 4 A detailed list of all water and sanitation infrastructure categories in the DHS, as well as a suggestion to recode them, and as done in this paper, is available from the authors by request. analyze an alternative definition in a second step, where we follow the official definition of the WHO of improved and unimproved water and sanitation as closely as possible (see column 3 of Table 1 ). Whenever it was not clear from the data whether a spring or well or a latrine was improved or not had to make the assumption that it is unimproved.
12/36 In a last specification, and only for a selected number of surveys, we distinguish between public and private water and sanitation access (see column 4, Table 1 ). Public water access implies on average a longer distance to the household and hence longer transport and storage times, and is thus likely to reduce the water quality consumed in comparison to private access to the same technology. Similarly, public sanitation can-for example, due to free-rider problemsbe expected to be less hygienic than private toilets. For water access, the distinction between private and public access is explicitly coded in most surveys; surveys where no difference between private and public water access is made are not used for this part of our analysis. For sanitation, few surveys explicitly asked whether a latrine or flush toilet was used by several or only one household. In general, we assume toilets to be private, and only recode them as public when sharing with other household is explicitly stated.
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One advantage of the approach chosen in this paper is that it allows us to estimate the effect of improved sanitation and improved water access on child morbidity as well as on child mortality across a large number of countries using the same methodology. As water and sanitation are often competing for the same resources (WHO/UNICEF, 2000; Clark and Gundry, 2004) , having a broad comparison of their marginal impact seems desirable both from a scientific and from a policy perspective.
One obvious limitation of the analysis presented in this paper is that we are not able to directly measure the quality of water. Because of inadequate water transportation or water storage, water that is clean at the source can be contaminated at the point of use. For an overview of an extensive literature on this issue see Wright et al. (2004) or . The water technology measures used in this paper are also likely to represent both water quantity and water quality. A similar concern applies when it comes to interpreting our coefficients on sanitation.
Policies targeted at sanitation improvements in developing countries are often implemented in conjunction with hygiene education programs, so that the observed sanitation effects may to some degree reflect underlying behavioral change rather than the true infrastructure effect itself.
The estimates presented in this paper should thus be viewed as total impact estimates associated with access to basic or advanced water and sanitation technologies. While some may view the inability to disentangle the various channels through which water and sanitation infrastructures affect health outcomes as a short-coming, the total impact is likely the key variable of interest when it comes to evaluating the costs and benefits for such interventions from a policy perspective (Whittington et al., 2008) . Table 2 summarize the prevalence of water and sanitation infrastructure (following the technological definition discussed before in Table 1 , column 2) for children in the DHS surveys for the 1990s and the 2000s for all those countries where we have at least one survey in each period. Since we constrain the countries listed in Table 2 to countries with at least one survey in the 1990s and 2000s, not all surveys and countries used in our estimation are represented here.
6 It is furthermore worth noting that these statistics deviate from official WHO statistics not only due 6 See Appendix, Table A1 for a complete list of countries and surveys.
14/36 to the differences in water and sanitation definitions, but also because of the sample domain which is restricted to children under the age of five. Water and sanitation access appear to have improved in our sample on average over the last decade, but the average increase is modest with only about 3 percentage points for basic water technologies, 0 percentage points for advanced (piped) water technologies, 3 percentage points for basic sanitation and 4 percentage points for modern sanitation facilities. In some countries the percentage of children having access to sanitation has even deteriorated (for example Burkina Faso or Colombia). In general, access to sanitation is much lower than the access to water infrastructure. Finally, the prevalence of advanced technologies is still low. In the last survey round, only 20 % of children had access to a flush toilet and only 40% had access to piped water. In general, improvements seem to be based on the basic rather than on the advanced technology level. Figure 3 shows unconditional cross-tabulations of diarrhea and child mortality rates for each water and sanitation technology level (not controlled for any covariates). The overall gradient is as expected: child morbidity and mortality are substantially lower for children with access to more advanced water and sanitation technologies. 7 Note that our estimates somewhat overestimate the access to improved water as we count unprotected wells and springs as an improved water source (see previous section for explanation). 8 Note that child mortality rates in Figure 3 are much smaller than officially published figures on under-5 child mortality. While in general mortality rates up to the age of five for a pre-defined period are reported, Figure 3 shows the 12 months survival probability (one prior to the survey interview) for all children under the age of 5. 
Empirical Specification
The general equation we estimate is given by
where CV is the child variable of interest. Latrine is the basic sanitation technology indicator (household having access to a private or public latrine), Flush is the indicator for access to a flush toilet, Pump and Piped is households' access to pump/well/spring or piped water, respectively, and X is a matrix of additional control variables (see the following paragraph). i is the household index, c is the cluster index 9 , j is the (sub-national) regional index, and t the index of the survey year.
Since health preferences and budget constraints are likely to be correlated with both child health as well as with sanitation and water infrastructure, we include a wide set of control 9 In general within the DHS surveys, in rural areas clusters are villages and districts in urban areas. To overcome this lack of data we have to include several assets to approximate a household's permanent income level. The assets we use in our final specification are electricity, radio, TV, bicycle and fridge as well as the material used to construct the house of residence. Since the available assets differ widely across countries and time, the selected assets were chosen to reach a maximum of included assets on the one and of included DHS surveys on the other hand.
In addition, we control for various child level characteristics that might have an influence on children's morbidity and mortality and are standard in the literature: age and gender of the child, whether the child is the first born child, the length (in month) to the preceding birth if he or she is not the first born, and whether he or she is/was breast-fed. For diarrhea we further include whether the child was vaccinated against measles to control for household preferences for improved health. We also use vaccination in a control specification for child mortality but not in our main specification. The problem with vaccination is first, that it is usually not recorded for children that have died. Second, if children died at a very young age they never had the opportunity to get vaccinated. We could use the vaccination status of living siblings to approximate the vaccination status of dead children. But for several households we only have one child in our sample, where such a procedure is not feasible.
In all of our specifications, we also control for the survey year and regional (sub-national) or country fixed effects, to avoid potential biases from time-specific local unobservables, correlated with both water and sanitation and our health outcomes of interest. The DHS surveys recode on average 10 regions per year and country. We adjust our standard errors for clustering in the DHS surveys.
For the specification of child diarrhea, we furthermore include the month of interview in addition to the survey year. Several studies have shown that diarrhea shows high seasonal fluctuations (for example Chambers et al., 1979; Molbak et al., 1994 , Curriero et al., 2001 ). In 18/36 general diarrhea incidence is higher during the rainy than during the dry season. To be sure not to confuse seasonal with infrastructure effects we control for the month of the interview within a country.
Last, complementing the estimation of the direct health benefit of children's access to water and sanitation technologies, we also attempt to estimate potential positive health externalities, especially with regard to sanitation. A lack of access to improved sanitation is frequently associated with disposal of human feces in public spaces. Therefore, improvements in sanitation are also likely to the benefit of neighboring households. As a result, the true benefits of sanitation may be captured more accurately on a more aggregate village or city district level than at the household level.
To detect positive externalities, Glaeser et al. (2002) and Graham and Hahn (2005) proposed to compare the coefficient of the variable of interest at the individual level with the same coefficient at higher levels of aggregated data. In our specific setting here this implies that positive spill-over effects of sanitation can be inferred from larger coefficients estimated at the cluster relative to the household level (Glaeser et al., 2002; Graham and Hahn, 2005) . We therefore estimate two equations:
We first estimate the same equation as in equation (1) survival model with the originally planned more than 1500 regional (sub-national) fixed effects.
As a robustness check, we therefore also estimated simple OLS regressions with regional in comparison to country fixed effects in Appendix A2. The results of the regional (sub-national) and country fixed effects regressions are very similar. The 95% confidence intervals of the estimated coefficients of the two specifications overlap to a large extend (see Appendix A2). Table 3 shows our main results for child diarrhea. In column (1) of Table 3 we show the impact of improved water and sanitation technologies on child morbidity for the full sample, while we stratify the sample in rural and urban areas, respectively, in columns (2) A point estimate of 0.929 for latrines in column (1) implies that basic sanitation lowers the relative probability (odds) of diarrhea by about 7 % in comparison to children without access to any sanitation technology. According to our estimates, flush toilets would lower the odds of diarrhea by about 13 % and any kind of water technology by about 7 %. For reductions in odds of around 10%, the absolute risk reductions are very similar, which makes odds ratio easier to 21/36 interpret. 10 We observe the highest positive effect of water and sanitation infrastructure on children's health in urban areas and Sub-Saharan Africa (SSA) for flush toilets. According to our estimates children in households with access to a flush toilet in those sub-groups show about 17% lower odds for diarrhea when compared to children using open defecation. Our control variables show the expected direction.
Empirical Results
In line with the reviewed meta-studies, we find that improved sanitation has a somewhat higher positive effect on diarrhea than water infrastructure. In contrast to previous studies, the effect we estimate for sanitation is, however, significant smaller: about half of the previously reported estimates on improved sanitation, which showed reductions in diarrhea between 20%
and 30%. While one may interpret our lower coefficients as evidence of measurement (attenuation) bias, an at least equally likely explanation is that the short-term effects typically observed in localized controlled trials should be expected to fade out over time as the quality of water and sanitation infrastructure deteriorates in the absence of external maintenance and support.
Last, all sub-samples show a considerable and statistically significant difference between basic and advanced sanitation technologies, whereas we cannot find a remarkable difference for basic and more advanced water infrastructure. This last finding was already previously stated by Esrey (1996) . Cairncross and Kolsky (1997) , however, challenge the former study both on data quality and methodological grounds, arguing that pushing towards the highest possible sanitation standards "could lead to the unwarranted rejection of affordable low-cost sanitation for the poor in developing countries." We did our best to be very careful in our statistical estimation, including as many as possible control variables 11 and 172 DHS surveys. The difference we find between simple and more advanced sanitation technologies is smaller than in the study of Esrey (1996) , but still seems to be statistically significant. This, however, does not automatically mean -as presumed by Cairncross and Kolsky (1997) -that flush toilets are necessarily the first best 10 For example, a 13% percent reduction in the odds implies a reduction of diarrhea from 19% (e.g. for open defecation, see Figure 3 ) to 16.8 %, which is equal to an 11.5% reduction in diarrhea risk. The odds for 0.19 are 0.19/0.81=0.235. A reduction of 13% in the odds of 0.235 leads to odds of 0.202, which transfers into a diarrhea risk of 0.168 (0.202=0.168/0.832). 11 Most importantly, note that piped water was controlled for in all specifications, which means that flush toilets do not pick up the effect of piped water into the household.
22/36 policy choice. With the general very high costs of sewage systems, low-cost sanitation might still come out to be the better option to invest in to achieve the maximum of diarrhea reduction given a fixed budget. In Table 4 we repeat the regressions shown in Table 3 , but use child mortality, rather than diarrhea morbidity as the dependent variable. We estimate a survival model for under-5 23/36 mortality. The dependent variable in these regressions is hence an indicator variable which equals one if a child born within the 5 last years has died prior to the survey interview. In contrast to the previous table that reported the odds ratio of a logistic model, the reported coefficients of the survival model are hazard ratios. This means that a significant coefficient smaller than one means that the risk of dying in any given month until the age of five is reduced by about 1 minus the estimated coefficient. In other words, hazard ratios are the ratio between the probability to die with water and sanitation infrastructure relative to the probability to die without improved water and sanitation infrastructure.
Again, simple improved water access has only a small positive impact on child mortality, with a reduction of child mortality risk of about 5 % that is not even always statistically significant. Flush toilets and piped water seem to have a significant effect on reducing under-5 mortality. Flush toilets reduce the hazard rate or the risk of dying between the age of 0 and 5 by about 14 to 20 percent, and piped water by about 10 to 13 percent, depending on the sub-sample considered. Hence, and similar to diarrhea incidence, flush toilets seem to have a somewhat larger effect on child mortality than piped water. Surprisingly, although being very robust in all other sup-samples and specifications, a worrying result is that -at least until now -access to sanitation technologies does not seem to improve child mortality in Sub-Saharan African countries, even though effects on morbidity are significant; further research will be needed to better understand this result.
Last, since we find that the percentage reduction in child mortality is about equal to the reduction in diarrhea incidence (given the same water and/or sanitation technology and the same sub-sample), our results indicate that the mortality reduction is larger than a pure reduction in diarrhea incidence would indicate. Doing a quick back-of-the-envelope-calculation, we find on average strong support of the Mills-Reincke Multiplier. For example, if we assume that the effect of basic sanitation (latrine) was the same on diarrhea mortality than on diarrhea morbidity, child mortality should only be reduced by about 1 %. Diarrhea accounts for about 16% of total child mortality (WHO, 2007) and we estimated a reduction of about 7 % diarrhea incidence for basic sanitation. Hence, child mortality should only be reduced by about 1% (0.07 * 0.16), and not by about 4.5% as estimated and shown in Table 4 (column 1).
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One possible explanation for this result is that improved water and sanitation infrastructure has a larger impact on the severity than on the incidence of diarrhea. Another explanation could be that water and sanitation infrastructure does not only decrease the number of children that die from diarrhea but also from other water related diseases (e.g. various worm infections). In addition, according to the Mills-Reincke Multiplier, a lower incidence of diarrhea also prevents child mortality from other diseases by strengthening the immune system of children.
In a next step we estimate two further specifications with different definitions of improved and unimproved water and sanitation access (see Table 1 and Table 5 (Table 1) .
Second we distinguish whether the infrastructure is privately or publicly used (see again Table 1 ). It could well be that the water quality at the point of use (and hence its health impact) does not depend on the "extracting" technology but rather depends on whether the source is privately used or shared with other households. A private water source is usually closer to the household with less contamination during transport and storage. Similarly, the health impact of sanitation infrastructure might also increase if sanitation is only used by a single household, since free-rider problems of cleaning and hence hygienic maintenance might be less problematic than for public latrines and/or flush toilets.
Using the WHO/UNICEF classifications, our results do not change much, except that traditional latrines do not seem to have any impact on child mortality and that the impact of improved sanitation, including both flush toilets and modern latrines, is less than the health impact of flush toilets only (Table 5) . Hence, even "unimproved" sanitation and water 25/36 technologies have a positive (even if small) health impact and seem to be an improvement to surface water and open defecation. According to our estimates, it is therefore not clear why simple technologies and the total lack of technologies are often both classified as unimproved water and/or sanitation. Moreover, it seems that there is not a statistical significant difference of the impact of various water technologies on child diarrhea, independent of where we make the technology cut-off (according to our or the WHO definition). The big difference seems to be whether households use surface water (left-out category) or ground water (extracted by simple or more advanced technologies). 
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The analysis of private versus public access to water and/or sanitation technologies yields some additional interesting results. Whereas we found little difference between various water technologies, the gap is considerable and significant if we look at private versus public water access (independent of the water technology). Private access to any water technology decreases the relative likelihood of diarrhea by about 14%, whereas the odds of diarrhea are reduced by only about 7% if the household uses a public pipe and/or a public well/borehole. The same holds for households that share toilets with several other households: There is no significant impact of access to a public latrine/flush toilet on child diarrhea, and the effect on child mortality is only 3.3%, whereas private sanitation facilities reduce the odds of diarrhea by 10% and the likelihood of dying before the age of 5 by 13%.
In a final step, we try to get some indication whether positive externalities of water and sanitation infrastructure exist (Table 5 , last two rows). The approach we follow is described in Section 4.1: if coefficients on access to water and sanitation technologies estimated at the cluster level are significantly larger than coefficients estimated at the household level, positive externalities might be prevalent. Households would hence not only benefit from their personal access to water and sanitation infrastructure but also from their neighbors' use of these technologies. According to our estimates, and for the case of both child diarrhea and mortality, it seems that the impact of access to sanitation is more than twice as large at the cluster as at the household level. This means that if villages or urban districts switch from open defection to some form of improved sanitation technology, the health improvement for the children is larger than the sum of the individual household effects. The last row of Table 5 also shows that similar results do not apply for water access, highlighting the important differences in health spillovers when it comes to comparing investments in water and sanitation technologies.
Discussion
Our estimation results in Table ( 3), (4) and (5) indicate (1) that the impact of water and sanitation infrastructure on child mortality is larger than its effects driven by reductions in diarrhea, highlighting the importance of the Mills-Reincke
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Multiplier when it comes to evaluating the health benefits of water and sanitation investments;
(2) that there are large positive health externalities of improved sanitation (but not for improved water infrastructure), implying that the need for public interventions should be larger in the realm of sanitation than when it comes to providing access to improved water technologies; (3) that the access to water and sanitation infrastructure on health is considerably larger if only used by the household and not shared with other households, which certainly puts some extra pressure on public water and sanitation budgets; (4) that even simplest water and sanitation technologies (officially often classified as unimproved water and sanitation access) show a modest but significant positive impact on children's health; (5) that the estimated impact of sanitation on diarrhea is significantly smaller than suggested by previous studies in the area but that the impact of water infrastructure on children's health is still smaller and less significant than the impact of sanitation technologies. This last point (5) certainly needs some further discussion. The first question is why we find lower effects of sanitation than the existing studies which found reductions in diarrhea that are double our estimates. The second question is why we find (but this time in line with other studies) that the impact of water technologies on children's health is smaller than the impact of improved access to sanitation.
We have four explanations for the first question. First, previous larger studies use a smaller set of controls, which may have induced a positive omitted variable bias in some of the reported observational studies, which we may have -at least partially -removed in our more tightly specified model. Second, when it comes to comparing the results of large-scale observational studies to local controlled trials, context and sustainability clearly make a 28/36 difference. Individual studies designed mainly for the purpose of evaluating sanitation infrastructure are likely to find larger effects due to the fact that technologies were newly introduced and closely monitored. Large positive health impacts of water and sanitation in the short term are likely to weaken over time in the absence of proper maintenance and due to general infrastructure deterioration. In contrast, our estimates are not intervention based and do hence -as well as other cross-sectional studies -estimate more medium to long-term effects of sanitation. Moreover, interventional studies can better control for the actual use of infrastructure whereas our study should rather be seen as a measure of the impact of the access to certain water and sanitation technologies. Infrastructure that is reported in the DHS surveys by households may or may not be used by all family members or all of the time.
Third, epidemiological studies often analyze the health impact of village interventions, where entire villages switch from poor to improved sanitation coverage. In contrast, in our main specification we compare the differences in child health of households with to households without access to improved sanitation. If positive health externalities of improved sanitation exist, as our estimates in Table 5 imply, epidemiology studies include those positive externalities whereas this is not taken up by a study at the household level. Our cluster level estimates in Table 5 , do indeed show effects of sanitation more closely in magnitude to the once estimated in previous studies.
Last, in a cross-sectional study based on data sets not specifically designed to estimate the impact of water and sanitation infrastructure on child morbidity, misclassification of infrastructure is more likely than in epidemiological studies, which will mechanically bias the estimated coefficients towards zero. While it is hard to quantify the exact magnitude of this effect, the main reason for choosing the simplest possible coding rules, i.e. dividing water and sanitation access into three broad classes, was to keep the likelihood of miscoding as small as possible. While one may argue whether or not one type of latrine is better than another one, it is hard to argue that latrines are on average not better than having no toilet at all. Thus, while there clearly is some degree of miscoding in the data, we argue that the fraction of the total variance generated by this kind of error is likely small relative to the true variation observed in the underlying variables.
29/36
Similar to other studies, we find that the impact of simple and improved water technologies is somewhat smaller than the impact of sanitation infrastructure. This result certainly does not question the importance of water quality for health, but questions the relevance of improved water infrastructure without improved hygiene conditions. This hypothesis is supported by our estimates on private versus shared water access (Table 5) , where we show significant differences in health impacts between private and public water access.
Several studies have shown the large positive impact of water treatment at point of use, which directly improves water quality. In contrast, wells or public standpipes do often not lead to improved water quality, given the "traditional" water transport and storage in most developing countries.
12 In contrast, it appears that sanitation infrastructure, although we cannot control for quality and complementary improved hygiene behavior, has a somewhat larger impact on children's health. One possible explanation is that sanitation infrastructure with low (hygienic) conditions is not used by the population whereas this is not the case for modern water infrastructure, which is used in any case for convenience and time savings.
Another reason for the relatively strong results on sanitation may be the more direct link between private action and preferences and technological choice. While water access if often provided through communities, toilets generally require some degree of private initiative and investment. The observed households with improved sanitation might thus be the self-selected group of respondents with sufficiently high preference for health and/or better hygienic practices and/or higher income to invest in improved sanitation. While we tried to control for this income and health knowledge and preference effect by controlling for maternal education, household structure and assets as well as child vaccination practices, we are clearly not able to completely rule out residual selection or omitted variable bias concerns.
13 12 We also interacted sanitation and water infrastructure in a further specification. We did not find any significant results indicating that complementarities between water and sanitation technologies do not exist. 13 As a small robustness check, to analyze the effect of (omitted) income on the estimated coefficients on sanitation, we estimated the model as presented in Table 3 and 4 again, but first without any assets, then with some basic assets, then with all assets used in the final specification in this paper, and in a last step with additional assets (which reduces the sample size considerably). We observe that the estimated effects decrease significantly when we move from no to few assets, but do not change much when we move from few assets to more assets. Moreover, the observed changes are not considerably larger for sanitation technologies relative to water technologies. Estimation results of these specifications are available from the authors on request.
Summary and Conclusion
In this paper, we use a comprehensive data set from more than 70 developing countries over the period from 1986 to 2008 to identify the effect of different technologies of improved water and sanitation on child morbidity and mortality in rural and urban areas, with a particular focus on Sub-Saharan African countries. This is -to our knowledge -the first study that has attempted to combine a large number of population based surveys to estimate a global average treatment effect of water and sanitation infrastructure.
The results of this study show that the potential health benefits generated by improvement in water and sanitation infrastructure are considerable. On average, and for the total sample, we find that access to advanced water and sanitation technologies reduces the odds of suffering from diarrhea among children under five by 7.3 and 12.9 percent, respectively, and also find substantial and similar reductions in the under-5 mortality risk, which indicates the existence of the Mills-Reinke Multiplier. In addition to these reductions in health risk at the household level we also find strong evidence for positive health spillovers of access to improved sanitation at the village and urban district level, which we do not find for access to water infrastructure.
In the light of the results presented in this paper the current focus of international donors on water infrastructure appears slightly surprising. One reason for this preference is certainly the additional (and often large) time savings -and hence economic benefits -that come along with improved water infrastructure that are less clear for sanitation infrastructure. From an individual economic perspective, gaining access to improved water may seem preferable to gaining access to improved sanitation. From a public health perspective, however, sanitation infrastructure should in our opinion receive more attention, as the private health benefits to sanitation seem to be at least equal to the benefits of water infrastructure, while the social health spillovers are likely substantially larger.
Optimal policy clearly does not only depend on the marginal health benefit, but also on the respective policy cost. This aspect will be the focus of a second part of this research project, 
